1. Introduction {#sec1}
===============

The influenza viruses include three genera, A, B, and C within the family *Orthomyxoviridae.* Avian influenza viruses (AIVs), all of which are contained in the genus influenza virus A, are an economically important cause of disease in fowl and occasionally affect humans, pigs, and horses \[[@B1], [@B2]\].

Each genus of the virus is further subdivided into serotypes based on the surface proteins, consisting of 16 different hemagglutinin (H) and 9 neuraminidase (N) subtypes. While only a limited number of H and N subtypes are circulating in humans and other mammalian species, all the H and N subtypes are found in avian species \[[@B3], [@B4]\]. The genome of influenza A viruses consists of 8 unique segments of single-stranded negative sense RNA. The viral RNA segments encode 10 recognized gene products, PB1, PB2, and PA polymerases, H, NP, N, M1, M2, NS1, and NS2 proteins \[[@B5]\].

The H6 subtype is one of the most commonly recognized subtypes in domestic ducks in southern China \[[@B6], [@B7]\] and in migratory birds in North America and in Europe \[[@B8]--[@B10]\]. H6 viruses have caused several outbreaks in commercial poultry worldwide that resulted in decreased egg production and increased mortality \[[@B11]--[@B13]\]. During the Hong Kong H5N1 "bird flu" incident in 1997, an H6N1 avian influenza virus, teal/Hong Kong/W312/97 (W312), was isolated from birds in a live poultry market \[[@B14]\]. Genetic characterization of this virus revealed that except for the H gene, the remaining 7-gene segments were closely related to those of highly pathogenic avian influenza H5N1 viruses (HPAIVs) found in both poultry and humans \[[@B14]\].

The present study reports on the outbreak of avian influenza (AI) caused by an H6N1 subtype of AIV isolated during January 2009 in Kibbutz Gvulot, in the southern part of Israel. The present isolate, A/turkey/Israel/09 (H6N1), is the third H6 AIV obtained in Israel since the year 2000. Therefore, circulation of these viruses was concurrent with that of the highly prevalent H9N2 AIV in Israel \[[@B15], [@B16]\]. While the former H6 AIV isolates, A/duck/Israel/289/01 (H6N2) and A/mallard/Israel/320/01 (H6N2), were isolated from water birds, the present isolate was obtained from domestic turkey poults.

2. Materials and Methods {#sec2}
========================

2.1. Description of the Flock of Origin {#sec2.1}
---------------------------------------

Six week-old turkey poults in one of six poultry houses (no. 2) located in one farm, Kibbutz Gvulot, exhibited an increased daily mortality of approximately 1% over a two-day period. The clinical signs were swollen infraorbital sinuses, nasal discharge, respiratory rales, rattles,and lethargy. Pneumonia, pericarditis, air sacculitis and tracheal discharge were observed on postmortem examination. Birds in the affected poultry house had developed AIV antibodies, as detected by ELISA and AIV H6 haemagglutination inhibition (HI) tests. The ELISA test was performed with the FlockChek Avian Influenza Antibody Test Kit (IDEXX, USA) according to the manufacturer\'s instructions, and the HI test employed a panel of reference antisera to H5, H6, H7, and H9. Blood samples were tested for antibodies by the HI test using 4 (HA) units of the H6 subtype antigen \[[@B17]\]. Turkey poults from the six houses were distributed to 4 secondary farms, Mishmeret, Ramon, Ein Zurim, and Evron.

2.2. Virus Detection {#sec2.2}
--------------------

Tracheal and cloacal swabs of clinically-affected turkeys were assayed for the presence of AIV by PCR and virus isolation in 11-day-old embryonated eggs \[[@B17]\]. The presence of AIV was initially detected in the allantoic fluids (AF) of dead eggs after 2-3 days of incubation, by the hemagglutination (HA) assay \[[@B17]\]. Testing of HA-positive AF was performed by reverse transcriptase polymerase chain reaction (RT-PCR). In parallel, RT-PCR was performed on RNA extracted directly from tracheal and cloacal swabs.

2.3. Molecular Characterization of AIV {#sec2.3}
--------------------------------------

Viral RNA was extracted directly from the tracheal and cloacal swabs and from AF using the QIAamp Viral RNA Mini Kit (Qiagen, Valencia, CA) according to the manufacturer\'s instructions. The purified RNA was then tested by RT-PCR.

Firstly, AIV was detected using a primer pair specific for the M gene of influenza A virus, Mf (5′-TTCTAACCGAGGTYRAAACGT-3′) and Mr (5′-CTGGGCACGGTGAGCGT-3′) to amplify a 200 bp product (Panshin A., Kimron Veterinary Institute, Bet Dagan, Israel, unpublished). RT-PCR was performed using a One Step RT-PCR kit, (QIAGEN Ltd.). A 25 *μ*l mixture containing 5 *μ*l of buffer, 1 *μ*l of dNTP mix, 1 *μ*l of each primer, 1 *μ*l of One Step Enzyme mix, 13 *μ*l nuclease-free water, and 3 *μ*l RNA template was used in the assay as follows: 30 min at 50°C, 10 min at 95°C, 30 cycles at 94°C for 30 sec, then 30 sec at 54°C, 30 sec at 72°C, 5 min at 72°C, and 15 min at 4°C using the DNA Engine thermal cycler (Bio Rad, Waltham, MA, USA). The RT-PCR product was separated by electrophoresis in 2% agarose gel.

Secondly, molecular subtyping was performed with a set of specific primers for genes of H subtypes H1--H4, H6, H9, and H10 \[[@B18]\] and H5, H7 \[[@B19]\], and N subtypes N1 \[[@B20]\] N2, N3, N7, N9 (Panshin A., Kimron Veterinary Institute, Bet Dagan, Israel, unpublished). The primers used to amplify a 623 bp segment of the N2 gene were N2f (5′-YTGYACAGTRGTAATGACBGATGGR-3′) and N2r (5′-CRATRCTRYTTGADGTCCACCABAC-3′); The primers to used to to amplify a 470 bp product of the N3 gene were N3f (5′-AAYAGRCCWTGGRTGAGRAT-3′) and N3r (5′-CCCGATCCAGGTTCATTGT-3′). The primers used to amplify a 509 bp segment of the N7 gene were N7f (5′-TTGGRTGGTCRAGYACAAGCTGCC-3′) and N7r (5′-ACCAGGRCTYCCAGTDATWGGATTG-3′), the primers used to amplify a 520 bp segment of N9 gene were N9f (5′-CAACCAATGCAAGCCAAACAATA-3′) and N9r (5′-TTTCGGGCCCATGTGTTGATTTC-3′). The amplification conditions for H and N genes were similar to those of the M gene.

2.4. Sequence Analysis {#sec2.4}
----------------------

The PCR products were purified with the MEGAquick-spin PCR & Agarose Gel Extraction System (iNtRON Biotechnology, Inc, Gyeonggi-do, Korea) according to the manufacturer\'s instructions. Sequencing reactions were performed by the Weizmann Institute of Science, Rehovot, Israel, using a 3700 DNA Analyzer (Perkin-Elmer, Applied Biosystems, Foster City, CA., U.S.A.) and analysed by capillary electrophoresis. The BioEdit Package, Version 7.3, and DNASTAR system software were used for sequence analysis and alignment.

2.5. Phylogenetic Analysis {#sec2.5}
--------------------------

Nucleotide sequences of all gene segments and available sequence data from GenBank were used to generate phylogenetic trees. The phylogenetic analysis was performed with the MegAlign programme of the DNASTAR system Software.

2.6. IVPI Test {#sec2.6}
--------------

The intravenous pathogenicity index (IVPI) of AIV isolates was determined as described in the OIE Manual of Standards for Diagnostic Tests and Vaccines \[[@B21]\]. The test employs a standard volume of virus which is inoculated intravenously into SPF chickens. The IVPI test yields an index of virulence valued from 0 to 3, which is calculated according to illness severity and the viability period following inoculation \[[@B21]\].

3. Results and Discussion {#sec3}
=========================

3.1. Virus Transmission {#sec3.1}
-----------------------

The Mishmeret farm received poults from the original poultry houses nos. 1 and 4 and developed a low level of HI antibodies (geometric mean titer (GMT) = 1.8); the Evron farm received poults from the original poultry houses nos. 5, and 6 and did not develop HI antibodies (GMT = 0); the Ramon farm received poults from the original poultry houses nos. 1, 4, 5 and 6, and did not develop HI antibodies (GMT = 0); the Ein Zurim farm received poults from the original poultry house no. 2, that was infected with the A/turkey/Israel/09 (H6N1) isolate, and from house no. 3. As a result, birds on the Ein Zurim farm developed HI antibodies to H6 and showed clinical signs (GMT = 6.3).

3.2. Virus Identification and Virulence Determination {#sec3.2}
-----------------------------------------------------

To identify the AIV H and N gene, specificity amplifications and HI assays were performed indicating the H6N1 subtype of the isolate. The virus was isolated and characterized by classical methods (OIE) and genome was detected by PCR. A/turkey/Israel/09 (H6N1) was characterized as low pathogenic avian influenza virus (LPAI) with an IVPI of 0.00. Infection in the chickens used in the IVPI assay was confirmed by the HI test.

3.3. Genetic Characterization of the Gene Cleavage Site {#sec3.3}
-------------------------------------------------------

The amino acid sequence of the H gene cleavage site was examined to support the virulence determination of the A/turkey/Israel/09/(H6N1) isolate. The amino acid sequence at the cleavage site was PQIETR\*GLF, indicating that the isolate was of low pathogenicity, since it did not contain multiple basic amino acids, characteristic of HPAIVs. Most LPAIVs have a single arginine at the cleavage site, whereas HPAIVs usually exhibit a multibasic amino acid motif (R and K) flanking the cleavage site \[[@B22], [@B23]\].

3.4. Phylogenetic Analyses of the A/Turkey/Israel/09/(H6N1) Isolate Genes {#sec3.4}
-------------------------------------------------------------------------

The genome of influenza A viruses consists of eight unique segments of single-stranded RNA, which are of negative polarity (i.e., complementary to the mRNA sense) \[[@B5]\]. The 8 gene segments of the A/turkey/Israel/09 (H6N1) isolate were sequenced. The nucleotide sequences obtained in the present study were compared to those of AIVs from the GeneBank (Figures [1](#fig1){ref-type="fig"}--[8](#fig8){ref-type="fig"}).

[Figure 1](#fig1){ref-type="fig"} shows the phylogenetic tree of the complete H gene, subtype H6, of representative recent AIV H6 isolates reported worldwide, including the previous two Israeli H6 isolates, which were not reported to the GeneBank. The H genes examined formed two phylogenetic clades. It seems that the H gene of the present isolate, A/turkey/Israel/09 (H6N1), differed from the H genes of the two previous Israeli isolates, as they belonged to different clades, although the differences in the nucleotide content were about 3.7-3.8%. It is notable that the H6 AIV, that shaped the clade to which the present isolate belonged, originated from waterbirds.

[Figure 2](#fig2){ref-type="fig"} shows the phylogenetic tree of the N gene of N1 subtypes, based on the analysis of nucleotides 204 to 1149. The analysis includes representative AIV N1 genes compared on the respective gene fragment. While the compared sequences differed up to 31%, the present isolate, A/turkey/Israel/09 (H6N1), was closest to the N1 from A/mute swan/Aktau/06 (H5N1) and A/swan/Mangystau/06 (H5N1). It is notable to mention that the Hong Kong avian A/teal/Hong Kong/W312/97 (H6N1) and the human influenza virus A/Hong Kong/156/97 (H5N1) showed a very high nucleotide homology in the 6 AIV internal genes, and especially in the N1 gene sequence \[[@B14], [@B24]\]. That similarity might indicate a common precursor and that the present virus could become a potential source of novel pathogenic AIV strains.

Figures [3](#fig3){ref-type="fig"}, [4](#fig4){ref-type="fig"}, [5](#fig5){ref-type="fig"}, [6](#fig6){ref-type="fig"}, [7](#fig7){ref-type="fig"}, and [8](#fig8){ref-type="fig"} show the phylogenetic comparison of the A/turkey/Israel/09 (H6N1) isolate complete internal genes, NS, M, NP, PA, PB1 and PB2, respectively, to genes of representative AIVs. The main feature revealed from these phylogenetic trees was the close similarity between the former two H6N2 AIV isolates, A/duck/Israel/289/01 and A/mallard/Israel/320/01, as compared to the phylogenetic divergence of the present H6N1 isolate, A/turkey/Israel/09. The phylogenetic distances between the 2009 H6N1 isolate and the two previous H6N2 isolates were calculated. While the two previously described H6 isolates, A/duck/Israel/289/01 (H6N2) and A/mallard/Israel/320/01 (H6N2), were identical in their NS, M, NP, PA, PB1, and PB2 genes, the A/turkey/Israel/09 (H6N1) isolate differed from the former two isolates by 3%, 2.3%, 6%, 2.5%, 3.6%, and 5%, respectively.

In conclusion, the present paper describes a third H6 AIV isolate (H6N1) in Israel, which unlike the two previous H6N2 isolates that were obtained from ducks and mallard, was now detected in turkeys. This H6N1 LPAIV was shown to possess a low-pathogenic amino acid sequence at the cleavage site and had a low IVPI. Phylogenetic analysis of all genes suggested a different origin for the virus. A/turkey/Israel/09 (H6N1) was not highly transmissible among commercial flocks. That phenomenon was supported by two observations; (a) the absence of clinically-affected cases in adjacent poultry houses and (b) the detection of only three cases of AIV H6 in Israel.
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